Objective: To determine the prevalence of frailty and associated factors in the North West Adelaide Health Study (2004)(2005)(2006) using the Frailty Phenotype (FP) and Frailty Index (FI). Methods: Frailty was measured in 909 communitydwelling participants aged ≥65 years using the FP and FI. Results: The FP classified 18% of participants as frail and the FI 48%. The measures were strongly correlated (r = 0.76, P < 0.001) and had a kappa agreement of 0.38 for frailty classification, with 37% of participants classified as non-frail by the FP being classified as frail by the FI. Being older, a current smoker, and having multimorbidity and polypharmacy were associated with higher frailty levels by both tools. Female, low income, obesity and living alone were associated with the FI. Conclusion: Frailty prevalence was higher when assessed using the FI. Socioeconomic factors and other health determinants contribute to higher frailty levels.
Introduction
Frailty is a state of decreased physiological reserve in which individuals are vulnerable to stressor events resulting in adverse health outcomes such as falls, disability and death [1] . There are two main approaches to defining frailty. The Frailty Phenotype (FP) focuses on physical manifestations, and frailty is present when three of more of the following criteria are met: unintentional weight loss, weak grip strength, self-reported exhaustion, slowness and low physical activity level [2] . The cumulative deficits model is mathematically based, where frailty is the proportion of deficits present in an individual and this proportion is represented as a Frailty Index (FI) [3, 4] . Despite differences, both approaches are moderately correlated [5] . Frailty increases nonlinearly with age, is predictive of mortality and is higher for women [6] . Studies which report on frailty using established FI cut-points tend to report higher frailty prevalence in comparison with the FP [7] . While the FP was designed and is most commonly used as a categorical measure, it has also been used as a continuous measure to examine the association of frailty with adverse outcomes, and for comparison with other frailty measures [1, 6, [8] [9] [10] [11] . Furthermore, using a continuous FP may result in improved predictive validity of the measure [11] .
Frailty has been investigated in four Australian cohort studies [12] [13] [14] [15] . One South Australian study using 1992 data compared frailty using both the FP and FI, where frailty prevalence was reported at 9% (FP) and 18% (FI) (mean age 78.2 (6.7)) respectively [12] . Two other male studies reported a prevalence of 9% (FP; New South Wales; mean age 76.9 (5.5)) and 16% (FRAIL Scale; Western Australia, mean age 76.9 (3.8)) [13, 14] . One very recent rural South Australian study looked at individuals ≥65 years and found a frailty prevalence of 25% (FI; mean age 75.9 (7.9)) [15] .
The aims of this study were to determine the prevalence of frailty in the North West Adelaide Health Study (NWAHS) using two measures of frailty (FP and FI) and to determine factors associated with both of these measures. A novel feature of our study is the examination of factors associated with frailty in Australian men and women using both the FP and FI.
Methods
Sample and study design This is a secondary analysis of data from NWAHS, a population representative longitudinal study of 4060 men and women aged ≥18 years [16] . Participants in the study were randomly selected from households in the north-west of metropolitan Adelaide and were interviewed by phone, attended a clinic for biomedical examination and completed a questionnaire. Probability of selection was known and allowed for weighting of data to the area population. Individuals living in residential care facilities were excluded from NWAHS.
Participants included in this secondary analysis were those aged ≥65 years who attended the clinic assessment at Stage 2 (2004 Stage 2 ( -2006 . Stage 1 weight was used to calculate baseline weight loss over four years preceding Stage 2. Variables within the data set were used to construct both the FP and FI measures [17] . Participants were excluded if they had a FP score with <3 valid responses or a FI with <27 valid responses (20% missing). We used Stage 2 data for this study, as future analysis will examine frailty state transitions and associations with quality of life and survival in Stage 3 (2008 Stage 3 ( -2010 . SA Health Human Research Ethics Committee (TQEH/LMH/MH) (Reference number HREC/ 15/TQEH/61) provided ethics approval.
Construction of the Frailty Phenotype
Data were available for the original phenotype criteria (exhaustion and weakness), and modified variables were used for the remaining three (weight loss, slow walking and low physical activity) [18] (Table 1 ). The FP is typically presented as three categories (non-frail, prefrail and frail). In this article, we have used a dichotomous FP, non-frail (0-2 deficits, combining non-frail and prefrail categories) and frail (3+ deficits) to examine association with cohort characteristics. Results for the FP were reported as both categorical (non-frail and frail) and continuous (proportion of deficits).
Construction of the FI At least 30 age-related health deficits are required to calculate a FI [4] . We developed a 34-item FI based on a standard methodology [4] and excluded outcomes of interest for further analysis such as variables used in the Short Form 6D quality of life measure. Included variables were recoded to provide a score between 0, for no deficit, and 1, for maximal expression of deficit. The FI may be reported as a continuous measure between zero (extremely robust) and one (extremely frail) [3] and is also typically presented as four categories (non-frail, prefrail, frail and most frail) with a frail cut-point of 0.21 representing elevated risk of adverse health outcomes [19] . In this article, we have used a dichotomous FI: non-frail (0 to ≤0.21, combining non-frail and prefrail categories) or frail (>0.21, combining frail and most frail categories) to examine the association with cohort characteristics. The 34 variables included in the FI are reported in Table 1 .
Statistical analysis SPSS version 23 was used for all statistical analyses. Case weights for the cohort were used in analysis procedures, reporting mean scores and percentages to ensure that the sample was representative of the north-western population of Adelaide. Statistical significance was determined by an alpha value of 0.05. FP and FI scores were compared using one-way ANOVA in relation to descriptive characteristics of the sample. The 99th percentile was also calculated for both frailty measures. Regression models were used to test the best fit of association between age and frailty. Agreement between the two frailty scales was measured using the kappa statistic. Univariate and multivariate logistic regression analyses were used to examine the association between individual cohort characteristics and frailty. A 24-item FI was also constructed excluding chronic conditions to examine the association of frailty with multimorbidity.
Results
A total of 909 older participants (mean age 74.4 (6.2), 55% female) were included in this study. The 36 participants who were excluded (missing more than 20% of FI variables) were older (mean age 81.5 (6.5), P < 0.001) and were more likely to be female (84%, P = 0.002) than those included.
Using the FP criteria, 18% were classified as frail, compared to 48% using the FI (Table 2 ). See Table S1 (Supporting information) for three category frailty status classification. The kappa statistic for agreement between scales in classifying individuals was 0.38 (SE = 0.03, P < 0.001). Of those participants who were classified as frail by the FP, 91% were also classified as frail by the FI. However, among those classified as non-frail by the FP, more than one-third (37%) were classified as frail by the FI (Table 3) . Categorical FP and FI prevalence is presented in Table S2 (Supporting information) for agreement between three category frailty measures. The participants who were classified as non-frail by the FP but frail by the FI had significantly higher (P < 0.05) rates of multimorbidity (2+ chronic conditions) (odds ratio (OR) 5.7, 95% confidence interval (CI) 4.1-7.9); polypharmacy (5+ medications) (OR 3.3, 95% CI 2.4-4.5); 2 + falls (OR 6.0, 95% CI 3.7-9.7); a hospital emergency admission in last 12 months (OR 2.5, 95% CI 1.5-4.2); physical function limitations: climbing one flight of stairs (OR 38.9, 95% CI 19.3-78.4), walking more than 1 km (OR 36.1, 95% CI 20.5-63.6), bending, kneeling or stooping (OR 23.8, 95% CI 13.1-43.2); emotional problems: feel full of life (OR 28.6, 95% CI 12.7-64.4), feel tired (OR 33.4, 95% CI 13.4-83.6), felt calm and peaceful (OR 8.9, 95% CI 4.1-19.5); and poor self-reported health (OR 24.5, 95% CI 13.9-43.1) than those classified as nonfrail in both measures (data not shown).
Frailty Phenotype scores ranged from zero to five deficits (mean 1.32 (1.17)) with only one individual scoring five. The FI ranged from zero to 0.78 (mean 0.23 (0.15)). None of the measures showed a ceiling effect. The 99th percentile score for the FP was 4.0, and for the FI, it was 0.61. The FP demonstrated a floor effect with 29% of participants scoring zero, which was considerably greater than the 1% of participants scoring zero with the FI.
There was a strong correlation between mean FI scores and proportion of FP deficits present (r = 0.76, P < 0.001) (Figure 1a) . The scores for both frailty measures as a proportion of the total deficits demonstrated a right skewed distribution (Figure 1b ). Frequencies and histograms for each FP and FI variable are available in Table S3 (Supporting information).
Mean frailty scores were significantly higher in both measures for women, older age, lower income, obesity, and living alone and in the FP only for lower education and being widowed (Table 2 ). An exponential model best described the relationship between frailty and age, with a 4% natural log increase per year of age for the mean FP and a 3% natural log increase per year for the mean FI. For women, the log increase per year of age for frailty was 4% for the FP and 3% for the FI. For men, the rate was 3% per year of age for the FP (Figure 2a ) and 2% for the FI (Figure 2b ). See Figure S1 (Supporting information) for log increase per year based on frailty classification. Being older, a current smoker, and having multimorbidity and polypharmacy were significantly associated with both the FP and FI. Table 2 shows the results of multivariate analysis where frailty status was dichotomised as either non-frail or frail. Being female, low income, obesity and living alone were significantly associated with only the FI. Being widowed was positively associated with frailty in the univariate analysis but negatively associated in the multivariate analysis for both frailty measures. This is probably because being widowed is more likely for older women who live alone than for other population groups. When the 24-item FI, without the chronic conditions, was used in the multivariate analysis, all variables remained significantly associated with frailty, including multimorbidity (OR 2.61, 95% CI 1.80-3.79, P < 0.001) (data not shown).
Discussion
In this study, there was only modest agreement between the two measures when classifying individuals as either non-frail or frail, which has implications for the clinical setting. As frailty is a potentially reversible state, correct identification is necessary for individuals to be offered timely and appropriate interventions [20] .
Frailty prevalence (FP: 18%, FI: 48%) was substantially higher than in a previous South Australian study which measured frailty prevalence in men and women using both measures (FP: 9%, FI: 18%, mean age 78.2 (6.7) years) [12] . In that study, exclusively self-report FI variables and a higher cut-point of 0.25 were used, which is likely to have contributed in part to the lower prevalence [19, 21] . The use of self-report data was also the case for the study by Dent et al. [15] (FI: 18%, mean age 75.9 (7.9) years). Our FI used a combination of self-report and test-based health measures, and had a cut-point of 0.21, as combining both forms of measurement has been identified as best predicting adverse health outcomes [19, 21] . Furthermore, when comparing our findings, using data from 2004 to 2006, with the findings by Widagdo et al. [12] who used data from 1992, there may be a cohort effect. The comparatively lower socioeconomic status (SES) of the NWAHS region might also have contributed to a higher frailty prevalence [22] . Frailty for men in the NWAHS cohort (FP: 13%) was slightly higher than the New South Wales study (FP: 9%, mean age 76.9 (5.5) years) [13] . The exclusion of individuals living in residential care from this and a number of other studies as well as the potential non-participation of home-bound older people is likely to result in an underestimation of the true prevalence of frailty [23] .
Multivariate analysis of cohort characteristics identified that being older, a current smoker, and having multimorbidity and polypharmacy were associated with higher frailty levels by both frailty measures. The association with multimorbidity for the FI was maintained when health conditions contributing to multimorbidity status were excluded from the FI. Being female, a low income earner, obesity and living alone were associated with only the FI.
Our findings for the FI are consistent with other studies which have identified women as having significantly higher frailty than men, and for both measures, that frailty increases significantly with age in a nonlinear pattern [3, 6, 24, 25] . The significant association of lower household income with the FI in this population is also similar to other studies [2, 25] . (52) 413 (48) 909 (100) Likewise, multimorbidity has been identified elsewhere as a significant contributor to the development of frailty and was also a significant factor for both measures in our study [11, 13, 26] . Additionally, being a current smoker has been previously identified as a significant factor associated with frailty and is consistent with our findings [11] . These health and social determinants of frailty may be useful triggers for alerting clinicians to vulnerable older adults who might benefit from a screening, comprehensive assessment and individualised remediation or treatment of risk.
In this study, both frailty measures demonstrated a strong significant correlation in continuous scores but only a modest kappa score of 0.38 in their ability to classify individuals as either non-frail or frail, with the FI classifying a larger number of participants as frail. Agreement between measures was potentially strengthened by the use of all five FP variables in the FI as they met FI inclusion criteria [4] . Of note, over a third of individuals classified as non-frail by the FP were classified as frail by the FI. These participants had significantly higher rates of multimorbidity, polypharmacy, physical functional limitations, emotional problems and poor selfreported health than those classified as non-frail by both measures. The agreement between the FP and FI has been identified elsewhere as ranging from slight to moderate, with the FI classifying more people as frail with better discriminative ability at the lower and middle end of the frailty continuum than the FP [9, 10] . The literature suggests that the FI may be a suitable scale that captures the multidimensionality of frailty and has high predictive ability of adverse outcomes [9, 27] . The advantage of the FP is that it is shorter and relies on less items; however, grip strength and gait speed used in the FP are not standard components of a clinical geriatric assessment, although these measurements might potentially be considered as markers of an accumulation of deficits [27] .
The main strength of this study was the use of populationbased data to measure frailty using both the FP and the FI.
Limitations of the study were the availability of general population variables rather than ageing-specific variables such as cognitive impairment or gait speed. Inclusion of cognitive impairment has been highlighted as an important variable in the measurement of frailty [28] . Some researchers may disagree with using the continuous FP as this scale was originally developed to be used as a categorical variable. Even so, a number of studies have used it in continuous form, and for the purpose of this study, we decided to report both continuous and categorical findings [8] [9] [10] [11] . However, in 2011 in a study in which Fried was a co-author, the researchers acknowledge that there is a floor effect when using the continuous 5-point FP and instead recommended a recalibrated 10-point scale to better differentiate individuals [11] . Even so, the most commonly used FP scales in the literature use either 5-or 3-point categorisation [18] . Another limitation of the study was the use of a modified FP which is recognised as having a potential impact on frailty prevalence [18] . The rate of physical inactivity in our sample is high (43%) compared to the originally published FP proportion (22%) [2] and may be a result of the low SES of the NWAHS population rather than due to modification per se [22] . However, our selection of a previously published threshold for physical inactivity in this cohort is likely to reflect an accurate proportion of physical inactivity that in turn presents an increased risk of frailty [29] . Reporting the association between frailty and multimorbidity using a FI which contains nine health conditions is another limitation of this study; we addressed this with a subanalysis using a 24-item FI which excluded these conditions. The association was weaker in this subanalysis; however, it still remained significant.
Conclusion
In this study, we successfully measured frailty prevalence in a sample of South Australian older adults using the FP and the FI. Socio-economic and other health determinants contributed to higher risk of frailty. There was only a modest (a) (b) Figure 2 : Relationship between average frailty scores (proportion of deficits present) and age stratified according to sex, using the (a) Frailty Phenotype and (b) Frailty Index. Male; Female.
agreement between both measures in classifying individuals as either non-frail or frail, with the FI classifying a greater number of individuals as frail. This difference in sensitivity of frailty measures has clinical implications, where the choice of tool may impact the accurate identification of frailty. A FI consisting of at least 30 self-report and clinical measurements may be more appropriate to use in the clinical setting due to its sensitivity in identifying at-risk individuals, and the emergence of electronic health records may facilitate the generation of an automated FI score [30] . Further research is required to refine the process of frailty screening and assessment.
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